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* INTRODUCTION * 
1.l'he purpose of this thesis is to j_nvestig1=1te the incidence of 
induced prism at the reading level due to correction of 
anisometropia., and to explore the p atient's abilities to overcome 
this prismatic effect without the manifestations of asthenopic 
symptoms . 
The method of investigation entailed a clinical survey of 100 
ra.nO.omly selected Rx's for presbyopic patients. These Rx's are of 
multifocal form and the induced vertical prism was calculated. at 
a reading depth of 10 mm below the distance optical centers� The 
aim of this survey is to examine the incidence of anisometropia, 
and, also, to examine the number of cases displaying a possible 
need for induced verb_ cal COi!lpensation that did not receive these 
considerations, i.e., those cases showing an induced prism of one 
diopter or more. 
In addition, vertical phorias, "associated" phorias and ductions 
v.ere checked on a random sample of 10 presbyopes in the "straight 
ahead" position of gaze and also in the depressed level of gaze 
at the patient's habitual reading distance. This was done to 
evaluate the vertical fusional capabil it ies of the presbyope and 
p ossibly to aid the clinician with a criterion for future 
prescribing of prism to compensate for induced vertical prism 
due to anisometropic correction. 
Anisometropia, in those cases showing a need for single vision 
corrections only, will not be considered since it is assumed that 
the p atient will depress his gaze only slightly, and will lower 
his head to continue to look through tbe optical centers when 
doine near tasks�,3 
'J'he literature states that 2 prism diopters is approximately the 
normal limit of the fusion recoveries for the vertical vergences� 
Consideration and evaluation of the limit of the fusion recoveries 
will be given in the random sample of presbyopes. 
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Five methods of correcting for induced vertical imbalance will be 
explored in this thesis, these five methods arer 1314 
l) Compensated segments 
2) Disimilar segments 
3) Prism segments 
4) Bicentric grinding (slab-off ) 
5) Alteration of the distance Rx 
The advantages, disadvantages and the limitations of each will be 
considered. Since we are interested only in the vertical components 
of the Rx, only the effective power of the correcting lens in the 
90 degree meridian will be considered�,4 
The patient's vertical phoria was measured with the Modified 
Thorington test. Vertical ductions were measured with a hand-held 
Risley prism. The :patient's vertical "associated" phoria was 
measured with American Optical' s vectographic nes.r .Point fixation 
disparity card #2. (See enclosed pictorial sample.) '11his test target 
consists of four mutually perpendicular limbs with a centrally 
located circle and dot. The upper and right limbs are viewed only by the 
right eye while the lower and left limbs are viewed only by the left 
eye. The ring and centered dot, seen by both e�res, provide 
foveal fusion stimuli. 
A patient's report of a vernier - type misalignment of the two 
horizontal limbs indicates a vertical dispe,ri ty component. The 
amount of prism required to restore alignment of a pair of limbs 
represents the uncompensated oculomotor imbalance or "associated" 
phoria. The lateral component may be indiCci.ted by misalignment 
of the vertical limbs. This component may have a large effect on 
the vertical phoria or fixation disparity, and sbm.lld therefore be 
considered first. 
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Clinical Sample N=lOO 
Sph. Cyl. Axis Add 
1) O. D. +.50 -.50 15 +2.00 
o.s. +.50 -.50 160 
2) O. D. pla . -.75 45 +2.25 
o.s. -.75 -.50 155 
3) O. D. +1.25 -.50 113 +2.25 
o.s. +2.00 -.50 90 
4) O. D. +.25 sph. +2.25 
o.s. +.50 -.50 25 
5) O. D. +.25 -.25 100 +2.25 
o.s. pla. sph. 
6) O. D. +.50 sph. +1.25 
o.s. +.50 sph. 
7) O. D. +2.00 -.50 120 +1.50 
o.s. +l. 75 -.25 90 
8) O. D. +1.50 -1.50 65 +2.50 
o.s. +1.00 -1.25 95 
9) O. D. -1.50 -1.00 05 +1.25 
o.s. -.75 -1.00 150 
10) O. D. -.50 -. 25 90 +l.00 
o.s. -.50 sph. 
11) O. D. +1.75 -.25 15 +2.00 
o.s. +l.75 -.50 140 
12) O.D. +2 .. 75 -1.00 05 +2.50 
o.s. +2.75 -.75 170 
13) O. D. +l.50 sph. +2.25 
o.s. +.75 sph. 
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Sph. Cyl. Axis Add 
14) O.D. +.25 sph. +.75 
o.s. + .25 sph. 
15) O. D. +1.75 -.25 112 +1.50 
o.s. +1.25 -.75 88 
16) O. D. -.25 sph. +1.00 
o.s. pla. sph. 
17) O. D. +1.00 -1.25 100 +2.00 
o.s. +. 75 -1.50 90 
18) O. D. +1.50 -.75 90 +2.00 
o.s. +1.75 -1.50 90 
19) O. D. -.75 -.25 75 +1.50 
o.s. -.50 -.25 110 
20) O. D. pla. -.25 110 +5.50 
o.s. -.75 -1.00 105 
21) O. D. -.25 -.50 95 +l . 25 
o.s. -.75 -.75 75 
22) O.D. -.25 -1.00 90 +l . 25 
o.s. -.25 -.75 90 
23) O. D. +1.75 -. 25 15 +2.00 
o.s. +1.25 -.25 95 
24) O.D. +4.50 sph. +1.50 
o.s. +1.50 sph. 
25) O. D. -3.00 sph. +2.25 
o.s. -2.00 -.62 90 l� base down 
26) o. D. +2.00 -.50 100 +1.75 
o.s. +1.75 -.75 95 
27) O. D. pla. -.25 15 +2.50 
o.s. +.50 -.50 165 
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Sph. Cyl. Axis Add 
28) O. D. -2.00 -2.50 180 +2.50 
o.s. -2.75 -2.50 180 
29) O. D. +1.25 -1.50 45 +3.00 
o.s. +1.50 -1.25 110 
30) O.D. -.75 sph. +2.00 
o.s. -.75 -.25 75 
31) O. D. -3.50 -1.25 30 +1.75 
o.s. -1.75 -.75 143 
32) O. D. -
. 2 5 -.25 35 +1.50 
o.s. -.50 -.25 20 
33) O. D. +5.75 -2.00 84 +1.00 
o.s. +6.75 -2.75 105 
34) O.D. +.25 -1.75 10 +1.50 
o.s. -1.00 -1.50 165 
35) O. D. -.75 -.50 130 +l.00 
o.s. -.50 ""l"e 25 55 
36) O. D. +1.75 -.75 90 +2.00 
o.s. +l.25 -.25 90 
37) O.D. -.50 -2 .50 180 +2.50 lbase up 
o.s. +1.50 -1.25 165 lbase down 
38) O. D. +.50 sph. +��. 00 
o.s. +.50 sph. 
39) O. D. -.75 -1.00 180 +1.50 
o.s. -1.25 -1.50 165 
40) O.D. +.75 -.25 110 +1.25 
o.s. +.75 -.50 85 
5 
Sph. Cyl. Axis Add 
41) O. D. +2.50 -.75 50 +2.25 
o. s . +2.50 -.75 165 
42) O. D. +.75 -.75 35 +1.00 
o.s. +.50 -.75 l40 
43) O.D. +1.50 -.25 07 +1.25 
o.s. +1.00 -.25 25 
44) 0. JJ. +2.25 -2.25 85 +1.50 
o.s. +1.75 -1.50 105 
45) O.D. -.50 sph. +l.50 
o.s. -.50 sph 
46) O. D. +2.00 sph. +2.25 
o.s. +2.25 -.75 120 
47) O.D. +2.50 -1.00 05 +2.00 
o.s. +2.50 -.75 170 
48) O. D. +1.00 sph. +l.50 
o.s. +l.00 -.75 174 
49) O.D. +.50 -.25 85 +2.50 
o.s. +.25 -.25 95 
50) O.D. -5.37 -.50 94 +2.00 
o. s. -5.25 -.25 15 
51) O.D. +.25 -1.00 78 +2.00 
o.s. +.50 -.75 78 
52) O.D. -.25 sph. +2.00 
o. s. - . 50 -.75 75 
53) O. D. -1.00 sph. +2.50 slab-off 
o.s. -5.25 -.50 60 
54) O. D. pla. sph. +2.50 
o.s. pla. sph. 
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Sph. Cyl. Axis Add 
55) O.D. -5.50 -2.00 35 +1.75 
o.s. -4.50 -3.00 165 
56) O.D. +2 .25 -.75 80 +1.50 
o.s. +2. 25 -.50 115 
57) O .D. +2.25 -.25 100 +2.00 
o.s. +2.25 sph. 
58) O .  D. +2.75 -1.25 95 +1.75 
o.s. +2.25 -.50 90 
59) O. D. +.50 -.50 86 +2.25 
o.s. pla. -.25 166 
60) O.D. -3.75 -2.00 70 +1.00 slab-off 
o.s. -6.00 -.50 135 
61) O .  D. +2.75 -.50 90 +2.00 
o.s. +2.50 -.75 90 
62) O. D. -.50 -.25 85 +2.50 
o.s. -.25 -.25 90 
63) O .D. +.75 -.50 80 +2.50 
o.s. pla. sph. 
64) O .D. +.50 sph. +2.25 
o.s. +.50 sph. 
65) O.D. +.50 sph. +2.00 
o.s. +.50 sph. 
66) O .D. -1.25 -1.50 180 +1.50 
o.s. -.75 -1.75 12 
67) O .D. +.75 -.75 80 +2.25 
o.s. +.75 -.75 100 
68) O .D. +1.50 -1.25 90 +2.25 
o.s. +l.00 -.25 80 
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Sph. Cyl. Axis Add 
69) O. D. -l.75 -.50 165 +l.50 
o.s. -1.75 -. 25 12 
70) O. D. +.25 -.25 95 +2.25 
o.s. +.75 -.25 105 
71) O. D. +.25 -.75 90 +2.00 
o.s. +1. 75 -.75 90 
72) O. D. +.25 sph. +2.25 
o.s. pla. sph. 
73) O. D. -4.75 -1.75 03 +1.00 
o.s. -4.37 -1.00 170 
74) O.D. +1.50 -.25 60 +2.00 
o.s. +l.50 sph. 
75) O.D. -4.50 sph. +1.00 
o.s. -4.75 sph. 
76) O. D. +.25 -2.00 15 +2.25 
o.s. +.25 -l.00 165 
77) O. D. +5.25 -3.50 30 +2.00 
o.s. +5.25 -3.00 150 
78) O. D. +.50 sph. +2.25 
o.s. +.50 sph. 
79) O. D. +4.50 -2.75 100 +3.00 
o.s. +3.00 -2.25 90 
80) O.D. +l.25 sph. +l.25 
o.s. +1.00 sph. 
81) O. D. +3.25 -1.25 77 +2.75 
o.s. +2.50 -l.25 75 
82) O. D. +.50 -.25 120 +l.00 
o.s. +.50 sph. 
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Sph. Cy l. Axis Add 
83) O. D. +2.00 sph. +2.25 
o.s. +2.25 -.75 120 
84) O. D. -5.00 -.75 14 +1.25 
o.s. -4.25 -1.00 170 
85) O. D. +1.50 sph. +2. 25 
o.s. +2.00 sph. 
86) O.D. -.50 sph. +1.50 
o. s. -. 75 sph. 
87) O.D. -4.00 -. 50 60 +.75 
o.s. -3.75 -.75 150 
88) O.D. -5.25 -1.25 138 +.75 
o.s. -6.25 -1.25 31 
89) 0,D. +.75 -.50 102 +1. 50 
o. s. +.50 -. 75 102 
90) O,D. +.50 -1.25 82 +2.00 
o. s. +1. 00 -2.25 95 
91) O.D. -4.25 sph. +l.00 
o.s. -4.00 -.50 25 
92) O.D. +.50 sph. +2.25 
o.s. +.50 sph. 
93) O. D. +.25 sph. +2.25 
o.s. pla. sph. 
94) O.D. -5.25 -.75 180 +1.00 
o.s. -5.25 sph. 
95) O.D. +1.25 sph. +l. 75 
o. s. +l. 25 sph. 
96) O. D. -2.00 -1. 00 155 +1. 00 
o.s. -2.00 -.75 10 
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Sph. Cyl. Axis Add 
97) O.D. -1.00 -.50 90 +1.00 
o.s. -1.75 -.50 105 
98) O.D. +l. 25 -.75 180 +2.25 
o.s. +.75 -1.50 10 
99) O.D. +.50 -1.25 82 +2.00 
o.s. +1.00 -2.25 95 
100) O.D. +l.75 -.50 72 +2.25 
o.s. +2.00 sph. 
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Clinical Sample N=lOO 
Distribution of induced 
vertical imbalance. 
L_._���?LLL��������---
� L. X � j.S 3.S L.;x � .l..\.o 
l.1) 
VP = 
VD = 
V:B'D = 
DVP ::: 
DVD -
DVFD = 
FOC = 
Legend for Pages 13 and 14 
Ne�rpoint Test Distance = 40crn 
Vertical phoria, horizontal gaze 
Vertical ductions, horizontal gaze 
Vertical fixation disparity (assoc. 
Vertical phoria, depressed gaze 
Vertical auctions, depressed gaze 
Vertical fixation disparity ( assoc. 
The distance above the far optical 
looks through the lens for viewing 
12 
phoria ) , horizontal gaze 
phoria ) , depressed gaze 
center that the patient 
far objects. 
Subject Distance R.x. Add VP VD VFD DVP DVD DVFD FOC 
#1 -2.75-.75 x 50 +2.00 ¢ ll!. lRHper �-RHp er2i/l iRHper 6 
-2.75-.50 x 105 3/1 2/1 
:;\'2 -1.50-1.50 xlOO +2.25 ¢ ]L'.1.1. � ¢ ¢ �_ti 1 
-2.25-1.25 x 96 3/li 1/0 
://=3 -1.00-.75 x60 +1.75 ¢ 3/1 liRHper ¢ 2t/� 3 
-1.00 sph. 3/1 2/1 
#4 -2.25-2.50 xlO +2.50 3/4 ]Ll-�
- ¢ ¢ .?/lj 10 
-3.00-1.50 xl80 RH po 3/lt I i 2 1·2 
#5 -1.25-1.00 x05 +1.00 1 5�/l ¢ ¢ ill.± 9 2 
-2.50-.75 xl72 RHper5-k/l 3i/l 
-#6 +.87-.75 x83 +3.00 ¢ 7-?z-/l ¢ lRHpo -.iUi l 
+3.25 sph. 7!/l 7!/l 
#7 +.25 sph +l.75 ¢ 4-k"/O ¢ lRHper 7j;/o 0 
+.25 sph 3i/O 6]-/ -�i- 0 
#8 +3.75-.75 x89 +2.25 .1. 2LQ ¢ iRHpo 42Lt ;1-RHpo 3 2 _j.l 2 
+4.25-1.00 xlOO RHpo 8/0 5L/.1. 2 2 
#9 +l.00 sph. +2.25 ¢ 5-�/2 ¢ ¢ 2iil 0 
+1.25 sph. 3/1 2/-@ 
1110 Pla.-.25 x90 +2.00 ¢ 5i/J--- 4 ¢ ¢ 5-iLt 5 
+.50-1.00 x90 5i/t 4i/O 
Subject #6 = Sla b-off l.75D Base up O.D. 8mm below the f;:,,r op tical 
center. 
Random Sample of Presbyopes N = 10 
13 
Random Sample of Presbyopes N = 10 
Subject Induced Vertical Prism 
ffl . 28D Base Down O.D. 
#2 .71D Base Down o.s. 
#3 . 19D Ba.se Down O.D. 
#4 .l?D Base Dovm O.D. 
#5 l.OOD Base Down o.s. 
#6 .64D Base Down O.D. 
#7 none 
#8 .47D Base Down O.D. 
#9 .25D Base Down O.D. 
#10 .50D Base Down O.D. 
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Vertical Phoria.s 
Customary 
VP DVP 
tRHper 
3/4RHpo ¢ 
�-RHper ¢ 
IRHpo 
¢ lRHper 
iRHpo �-RHpo 
¢ 
Associated 
VFTI DVFD 
lRHper fzRHper 
l!RHper ¢ 
¢ 
¢ iRH 2 po 
¢ 
Three of the ten sub ,j e cts manifest ed a vertical fixation disparty. 
In one case the "associated11 phoria and phoria were equal to the 
fusional recovery. In the second case the " associated " phoria 
and phoria were less than the fusi onal recovery but were equal 
to each other. In the third case the "associ at ed " phoria was 
greater than the fusional recovery and the phoria was ortho. 
In all cases the hyperphoria manifested greater ductions in the 
direction of the phoria, i . e. , hyp erphoria showing greater 
base down to break limits and hypophoria showing greater base up 
limits to break, with the opposite duction manifesting a lesser 
value. 
In six of the ten subjects a hyperphoria of t to 1 prism diopter 
was manife:::; ted either in the straight ahead or depressed level 
of gaze. In only one case did the phoria exceed the vertical 
fusion range. 
Induced vertical prism ranged from O - 1 prism diopter in all 
ten cases. In three of the ten subjects the phori& and/or 
"associated" phoria was in the direction opposite to the 
induced prism, i.e., hypophoria with base down effect. 
Bicentric grinding was performed for one subject, subject #6. 
The initial induced vertical prism was 2.39D at a readin g depth 
of 10 mm below the di stance opti cal center. Slab-off of l.75D 
base up O. D. vvas performed leaving a residual imbalance of • 64D 
base down O. D. uncompensated for. �I1his is one of the three 
cases with a lD right hypophoria in the depressed level of gaze, 
the phoria being opposite to the induced vertical prism. 
Not all of the subje cts looked through the far optical centers 
while viewing distant objects, the deviation ranging from 0 - l Ornm. 
The vertical fusion range varied from 0 - 3 prism diopters, with 
three subjects having a range greater than 2 diopters, and three 
subj ects having a range less than 2 diopters, from 0 - 1! :9rism 
diopters . 
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Methods of.Correcting for Induced Vertical Prism 
Compensated Segments 
Univus R compensated segments can be used to correct imbalances 
of 1.5 prism diopters or less. The segments are ma.de in seven 
different forms numbered 4, 5, 6, 7, 8, 9, 10; the form number 
representing the number of millimeters from the top of the 
segment to its optical center. 
-Example-
Vertical imbalance = l.5D Add = +2.50 
Determine the separation of the segment optical centers necessary 
to compensate f'or the vertical imbalance. 
x = V.I. = 1.5 = .6cm = 6mm = segments #4 & #10 
Add 2. 50 
Segment #4 would be placed before the eye being corrected with 
the higher minus or least plus lens. 
Disimilar Segment...§_ 
Vertical imbalance is elirr.inated or decreased by selecting one 
segment with a low optical center (base down) and another with a 
higher optical center (base up prism) and placing each in such 
a way as to counteract the induced prismatic imbalance. 'l'his 
method can be used to correct imbalances of approximately 1.5 
prism diopters or less. It is not as cosmetically pleasing 
as other methods. The executive and ultex one-piece bifocals 
are segments of choice for this method. There are four available 
lens designs in the Ultex series; B-11 below, E-16 below, A-19 below, 
and the kingsize ultex-20 below the top of the segment. Other 
segment styles may be used dependent on the location of their 
near optical cent�rs. 
-Example-
Vertical Imbalance = l.6D Add = +2.00 
x = V.I. = 
Add 
1.6 
2.00 
= .8cm = 8mm = Ultex B and A 
Ultex B would be pleced before the eye being corrected with 
the higher minus or least plus lens. 
16 
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P�ism Segm.;.�nts 
The unwanted prismatic imbalance is counteracted by p rism gr oun d 
into the segments. The Panoptik prism segments manufactured by 
Bausch & Lomb are used for this method; however the manufacturer 
limits the amount to lD base-up an d JD base-down in each lens. 
Cosmetically, prism segments are unattractive; in addition, there 
is pronounced distortion when the patient looks through the 
segments. Prism may be ordered in .50D increments. 
-Example-
Vertical Imbalance = 2.0D Add= +1.75 
It is advised to divide the prism eq_ually in both segs for even 
weight distribution and for cosmetic appearance. 
Rx l.OD base-up in one seg and l.OD base down in the other seg, 
Base-up prism being plHced before the eye being corrected with 
the higher minus or least plus lens. 
Bicentric slab-off 
This is the most practical of all methods for compensating 
vertical imbalance at the reading level. From a cosmetic viewpoint 
it is the most pl e asing as the slab-off line coincides with 
the segment dividing line.. It is therefore recommended that a 
flat-top style bifocal or trifocal be prescribed. Bicentric 
grinding is the pro cess used to produce base up prism in the 
readj_ng field of a lens while inducing none in the distance 
field. Slab-off always results in prism bass up, it is theref'ore 
ground on the lens that has the most minus or weakest plus power. 
-Example-
0. D. -2.50-2.00 x45 Add= +2.25 
o.s. +l.50-1.50 xl35 
Calculate the power in the 90th meridian. 
O.D. = -3�50, o.s. = +.75 V.I. at 10 mm below the far O.C. = 
.75 + (-3 .. 50) = 4.25D x .lcm = 4 .. 25 prism diopters. 
Therefore Rx 4.25D prism slab-off base up O.D. 
17 
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Al terati.on of The Dis ta.nee Rx 
It is possible to reduce tbe discrepancy of the two lenses by 
altering the powers of the lenses, particularly for the 
non-dominant eye. It is this author's opinion that with 
other satisfactory methods avEdlable, altering the distance 
Rx: isn't an acceptable choice. 
18 
American Optical Vectographic Nearp2int Card #2 
0 
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SU1TIJIARY & CONCLUSIONS 
An "associated" phoria represents an uncorrected stress on the 
binocular visual system. The phoria is ,equal to the demand 
on convergence. If the demand is large compared to the 
compensating duction there will be a fixation disparity, i.e., 
an "associated" phoria. The greater the stimulus the greater 
will be the "associated11 phoria. An "associated" phoria may 
manifest itself for several reasons such as an uncorrected 
heterophoria, a decreased range of fusional vergence, suppression 
and accommodative convergence. Asthenopic symtoms may manifest 
themselves from an uncorrected 11associated11 phoria, or diplopia 
may result if the "associated" phoria exceeds pannum's area. 
It is therefore this author's opinion that tests for an "associated" 
phoria should be included in not only those cases displaying 
large amounts of anisometropia, but in all cases. 
Nine percent of the Rxs in the clinical sample of one-hundred 
Rxs show an uncompensated induced vertical prism of greater 
than 1 prism diopter. In all cases displaying an induced 
vertical component, the vertical fusional range should be 
measured. If the induced. vertical prism exceeds this fusional 
range measures should be considered for eliminating this stress. 
If a hyperphoria exists it too should be considered and possible 
methods for eliminating this stress should be examined. The 
literature provides several approaches to this type of problem. 
r,ateral phorias should be examined since a large lateral phoria 
can have a profound effect on the vertical ductions, phorias and 
"associated" phorias. 
Vertical phorias and ductions should be examined in both the 
straight ahead and depressed levels of gaze, since the findings 
indicate that both the break limits and the fusional ranges 
are reduced in the depressed level of gaze, in most cases. 
Each patient is unique in his visual needs and capabilities and 
he should therefore be examined and treated as such. 
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